Seventeen strains of Haemophilus ducreyi were isolated from genital lesions which were negative for syphilis by dark-field examination. Media used for primary isolation at various times during the study were enriched chocolate agar, chocolate agar plus vancomycin (3 yig/ml), rabbit blood agar plus vancomycin (3 ,ug/ml), fetal bovine serum agar, and fetal bovine serum agar plus vancomycin (3 kg/ml Sera for media enrichment. One lot each of bovine, newborn calf, horse, rabbit, and pooled human sera and seven lots of fetal bovine sera (FBS) were tested. The sera were not heat treated. Plates were prepared with heart infusion agar (HIA) and 10% (vol/ vol) serum. Plates consisting of HIA base and 5% defibrinated rabbit blood (RBA) were used as controls. Four strains of H. ducreyi, including the reference strain, were used to inoculate each plate. A heavy suspension (approximating the density of a McFarland no. 2 standard) of growth from a 24-h RBA plate was prepared in sterile normal saline. Each plate was inoculated with one loopful of the suspension and streaked to obtain isolated colonies. The plates (and all subculture media plates used in the study) were incubated at 35°C in a candle jar containing a moistened paper towel and examined after incubation for 24 and 48 h and 5 days. "Best" growth was determined by the approximate number of colonies on the plate and the maximum size of well-isolated colonies after 5 days. Agar bases tested. Six different bases to which 170 on January 11, 2018 by guest
patients found to be positive on one or more media, on rabbit blood agar plus vancomycin from 16 of 17 patients, and on fetal bovine serum agar plus vancomycin from 9 of 11 patients. Sera from six animal species were tested to determine if any would support the growth of H. ducreyi. Horse and rabbit sera supported light growth of some strains. Fetal bovine serum supported good growth of all strains included in the study. Biochemical and physiological tests were done on the 17 isolates, a reference strain of H. ducreyi, and two reference strains of Haemophilus haemoglobinophilus. The results agreed with those reported by Kilian, except that H. ducreyi produced alpha-hemolysis in stabs on rabbit blood agar and was oxidase positive, three strains were urease positive, and C02 improved the growth of seven strains. All 17 isolates were ,B-lactamase positive. The reference strains were fi-lactamase negative.
Chancroid is usually diagnosed on the basis of a combination of the clinical picture and exclusion of other etiologies of genital lesions. Haemophilus ducreyi, the causative agent of chancroid, is a fastidious organism, and many workers have found it difficult or impossible to isolate in pure culture. Technique used for primary isolation. Material for culture was obtained from the base of the ulcer with a cotton-tipped swab moistened with phosphatebuffered saline (pH 7.2) and streaked on approximately one-third of the surface of the plate. The remainder of the plate was streaked with a loop to obtain isolated colonies. The same swab was used to inoculate all of the plates. The order in which each type of medium was inoculated was randomized. The plates were placed in a Brewer jar with a C02 GasPak (BBL), which produced an atmosphere of approximately 4% C02, and incubated at 35°C. Colonies suspected of being H. ducreyi were transferred to RBA plates, which were incubated in a candle jar at 35°C. These plates were examined at 24, 48, and 72 h. If the colonial morphology seemed typical of H. ducreyi, smears were made from the colonies and Gram stained. If the cellular morphology was typical, the isolate was presumed to be H. ducreyi, and physiological and biochemical studies were done to confirm identification.
Biochemical and physiological tests. The factor requirements of all the strains studied were determined with plates containing (i) GC agar base (GIBCO Diagnostics, Madison, Wis.) supplemented with glucose (0.1%), glutamine (0.01%), and cysteine (0.05%) ( number of strains were also tested with GC agar (Difco) supplemented with glucose, glutamine, and cysteine, with HIA, and with HIA supplemented with glucose, glutamine, and cysteine, as bases.
Tests used to detect synthesis of porphyrins and production of catalase, hydrogen sulfide (H2S), and alkaline phosphatases were the same as those described by Kilian (9) .
Tests and media used to detect oxidase, urease, and indole production and reduction of nitrate to nitrite are the same as those used routinely in the Special Bacteriology Section laboratory and have been previously described (10) . To enhance growth, FBS was added to the broths to produce a concentration of 10% (vol/vol), and 2 drops were added to the surface of Christensen urea agar slants. Ail strains were tested for carbohydrate utilization by using Brown's modification of the rapid fermentation test (4) and in heart infusion broths containing 10% FBS, 1% carbohydrate, and 0.004% aqueous phenol red. Selected strains were tested in phenol red broth base (Difco), CTA medium (BBL), oxidationfermentation medium (Difco), and Mueller-Hinton agar slants with phenol red indicator, each containing 10% FBS and 1% carbohydrate.
Slants of HIA + 10% FBS were used to study temperature and atmospheric conditions. Growth from a 24-to 48-h RBA plate was suspended in heart infusion broth, and 1 drop was placed on the surface of each slant with a capillary pipette. Slants were incubated at 25, 35, and 42°C in a candle jar, at 350C in air, and at 35°C in a Brewer jar with an anaerobic GasPak (BBL).
Hemolysis of rabbit blood was determined by examining RBA plates which had been inoculated with a loop, stabbed in the area of primary inoculum, and incubated for 48 h.
Cultures were screened forB-lactamase production either by dropping 0.01 ml of the chromogenic cephalosporin nitrocefin (Glaxo, Ltd., Greenford, Middlesex, England) on individual colonies or by suspending a loopful of bacteria in 0.025 ml of nitrocefin in the well of a microtiter plate (11) . Individual colonies which turned red within 60 s were considered positive for fllactamase production. Microtiter wells which developed a red color within 10 noted by several workers (6, 8) , the colonies can be pushed intact across the surface of the plate.
The overall appearance may be that of a mixed culture. We noted that subcultures of the isolates grew much better on all three media if the plates were no more than 2 weeks old and appeared moist on the surface. On primary isolation from clinical material, if a number of other organisms were growing along with H. ducreyi, the colonies of H. ducreyi were usually punctate and uniform in size after 24 to 48 h and difficult to distinguish from other fastidious organisms such as some Corynebacterium sp., Haemophilus parainfluenzae, and Haemophilus vaginalis. In fact, six of our isolates of H. ducreyi thought to be pure cultures were later found to be mixed with H. vaginalis.
The microscopic morphology of H. ducreyi organisms grown in mixed culture on a solid medium is less distinctive than that of organisms grown in pure culture (3) . There are some chains composed of coccoid forms and rods of varying lengths, but the dramatic characteristic of 5 to 20 or more chains in parallel alignment is seldom seen. We found that identification of H. ducreyi could not be based on cellular morphology observed on Gram-stained smears made from primary isolation plates because some strains of H. parainfluenzae isolated during this study had similar morphologies. Further characterization was necessary to establish the identification. The results obtained from our biochemical tests and physiological studies are listed in Table  2 . Ail 17 of our isolates, the reference strain of H. ducreyi, and the 2 reference strains of H. haemoglobinophilus grew around the X and XV Taxo strips when tested on supplemented GIBCO GC agar base. When supplemented Difco GC agar base and supplemented HIA base were used, several of our isolates did not grow around either of the strips. None of the strains tested was able to synthesize porphyrins.
All of the Special Bacteriology Section isolates were j/-lactamase positive. The three reference strains were ,B-lactamase negative. All of the strains produced alpha-hemolysis in the stabs after 48 h of growth on RBA plates, were oxidase positive, and were able to grow under anaerobic conditions at 35°C. An atmosphere containing increased CO2 improved the growth of seven of our isolates. Ail but one of the H. ducreyi strains and one strain of H. haemoglobinophilus grew at 25°C. Except for one of the H. haemoglobinophilus strains, which grew well, the strains tested grew very lightly or not at all at 420C.
The two strains of H. haemoglobinophilus produced H2S and were catalase and indole pos- Several investigators have reported that a moist atmosphere enhances the growth of H. ducreyi (2, 3, 7, 11) . Our findings agree with theirs. Best growth is obtained when the plates used are no more than 2 weeks old.
Several workers have used rabbit serum as a medium enrichment (1, 3, 5) . Ajello et al. (1) found that although rabbit and human sera were best, bovine and porcine sera would also support the growth of H. ducreyi. The concentration of serum used by these workers varied from 0.2 to 50%. We found that in the concentration we used (10%), rabbit serum supported the growth of some strains, but only fetal bovine serum supported good growth of all the strains tested.
A number of biochemical and physiological studies can be done on H. ducreyi and H. haemoglobinophilus if 10% FBS is added to the media to support the growth of the organisms. Although both organisms require hemin (X factor) for growth, H. ducreyi can be distinguished from H. haemoglobinophilus by its distinctive colonial and cellular morphology, its failure to produce H2S, catalase, or indole, and its production of alkaline phosphatases. H. haemoglobinophilus ferments a number of carbohydrates. The ability of H. ducreyi to ferment carbohydrates needs further investigation.
The results of our biochemical and physiological studies agree with those reported by Kilian (9) , except that we found that H. ducreyi produced alpha-hemolysis in stabs when grown on an RBA plate and was oxidase positive when tested on that medium. Three strains were urease positive, and C02 improved the growth of seven strains.
